In recent months, the role of internal combustion engines, and the fuels that power them, has come under possibly the most intense scrutiny in their history. The need to improve urban air quality in major cities and to meet the greenhouse gas emission reduction targets required to meet the climate goals as set out by the United Nations Framework Convention on Climate Change has intensified the focus on developing new technology and alternative energy sources.
This scrutiny has some additional flavour now because, after a hundred years, the internal combustion engine is finally facing serious competition in the world of transport, from the latest technologies of lithium-ion batteries, together with the electric motor. The lack of any tailpipe on a fully electrified vehicle, together with the ability in future for it to be powered substantially by electricity of renewable origin, has obvious appeal, and has won substantial societal and political support for the goal of full electrification of light and, eventually, heavy road transport. This has caused additional pressure on engine research and development work, raising the bar on what constitutes low-emission transport.
However, those who are calling for the end of the internal combustion engine might have misjudged, not having taken account of the tradition of deep and extensive research and development, and the continuous improvement of the internal combustion engine that has been established.
The collection of research papers in this publication continues this tradition, examining and developing routes for improving performance and reducing environmental impact through combustion, and through improvements in fuels.
By comparing the internal combustion engine and liquid or gaseous fuel with the electric battery vehicle, we are once again reminded of the inherent benefits and challenges of the internal combustion engine. Its history is, of course, inextricably linked with that of petroleum, and there is no doubt that the internal combustion engine and petroleum fuels have been mutually enabling technologies. As such, the internal combustion engine has been substantially blamed for enabling the inevitable CO 2 emissions from the combustion of fossil fuels. Several of the papers here develop the possibility of fuelling the engine with fuels of other than fossil origin. This idea is not new -it is as old as the internal combustion engine itself -but has new relevance as a route to reduce the overall greenhouse gas intensity of transport. Two of the main routes, namely the use of hydrogen, potentially generated from renewable electricity, and alcohols, which could be produced through biological or industrial routes using waste CO 2 and ''green'' hydrogen, are explored in papers here. Additional work explores the possibility of biorefining at existing petroleum refinery sites.
Of course, the other key route to reducing the greenhouse gas intensity of internal-combustion-enginebased transport is to pursue further improvements in efficiency, and several of the papers address this directly. It is true that we are pushing the boundaries of basic thermodynamics here, but it is encouraging that there are so many potential routes to greater efficiency. Such work has the potential to make significant savings globally in cost and also in greenhouse gas emissions, as technology improvements in this area are often readily replicated at wide scales across vehicle fleets of the world.
Air quality and emissions in real driving conditions have moved up the agenda and whilst this set of papers does not address exhaust after-treatment, or overall vehicle calibration and optimisation, the continuing work on control and optimisation of combustion reported here is, naturally, the key to minimising possible engine-out emissions, to enable overall low emissions from a vehicle.
Highly credible academic work has shown us that, when judged on a full life-cycle greenhouse gas basis for the car and energy, an efficient internal-combustion-engine-based car fuelled with a low-greenhousegas-intensity fuel can compete with a battery vehicle operated on renewable electricity, and theoretically may even better it, avoiding the large environmental footprint of battery manufacture. The same is also true for the total release of toxins to environment. This has an important meaning, that with continued research, development and commercialisation, the internal combustion engine, together with liquid and gaseous fuels, can indeed be part of the future, and part of the solution to the global climate and local air quality objectives that we have set.
This volume reports several highly relevant and outstanding projects developing the internal combustion
